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[57] ABSTRACT 
A method and system of matching ?rst and second 
waveforms, each having identi?able features, for identi 
?cation purposes. The method includes the steps of 
obtaining from the ?rst waveforms signi?cant said iden-‘ 
ti?able features having values and locations with re 
spect to a starting point of the associated said ?rst wave 
form, with the signi?cant identi?able features being 
obtained according to the predetermined criteria; utiliz 
ing values and locations of the signi?cant identi?able 
features of a ?rst waveform to search in predetermined 
locations for anticipated corresponding identi?able fea 
tures in a second waveform; determining the values and 
locations of the identi?able features, if any, found in the 
predetermined locations; and comparing the values and 
locations from the determining step with the values and 
locations of the signi?cant identi?able features of a ?rst 
waveform according to second predetermined criteria 
to determine whether or not the second waveform 
matches a ?rst waveform. The system includes a data 
acquisition module for obtaining the signi?cant identi? 
able features mentioned, and a matching module for 
utilizing the signi?cant identi?able features of the ?rst 
waveforms to effect the comparing step mentioned. 

29 Claims, 9 Drawing Figures 
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WAVEFQRM MATCHING SYSTEM AND 
METHOD 

BACKGROUND OF THE INVENTION 

This invention relates generally to waveform match 
ing for identi?cation purposes, and more speci?cally, it 
relates to waveform matching as it is used, for example, 
to identify documents which are used in data process 
ing. 
One suitable application for this invention relates to 

the handling of documents such as bank checks or drafts 
and other media which are coded or printed in magnetic 
ink. For example, bank checks have printed thereon a 
MICR line (Magnetic Ink Character Recognition) 
which line includes, for example, an account number, 
bank number, and check number which are printed in 
magnetic ink. 

In one system of banking, the record media such as 
bank checks and deposit slips, for example, are pro 
cessed in an Entry or a First Pass Unit (FPU) where 
certain operations are performed. The record media are 
generally processed in groups or “batches” of about 
250-300 checks per batch, for example. The MICR data 
is read from the checks for a batch of checks and the 
data read may be stored in a memory unit. At some 
subsequent operation, for example, the monetary 
amount of each check in the batch of checks is read or 
obtained by mechanical (character recognition) or man 
ual methods, and the monetary amount is stored in a 
memory unit. 

Continuing with the batch processing of bank checks, 
for example, the monetary amount for each check is 
then encoded or printed on the corresponding check 
and some physical sorting of the batch of checks may be 
done after the encoding is completed. The encoding and 
sorting is done, for example, at a second unit, referred to 
hereinafter as a Second Pass Unit (SPU). At this time, it 
is extremely important that the monetary amount for 
each check in the batch get actually encoded or printed 
on the correct check. In other words, the monetary 
amounts which are stored in memory, for example, must 
be encoded on the correct check. At the SPU, the 
MICR data is read again to provide a second reading 
which is compared with the ?rst reading obtained from 
the FPU to make sure that the checks are properly 
identi?ed and have remained in the same order. Assum 
ing that the second reading from the SPU agrees with 

‘the ?rst reading from the FPU, indicating that the 
check is properly identi?ed, the monetary amount for 
that check is then encoded thereon, in the example 
described. Thereafter, the checks may be sorted by the 
SPU by various criteria as is conventionally done. 
One type of comparison or veri?cation performed 

with MICR data is to compare the second reading of 
each character of a MICR line of data with each corre 
sponding character obtained from the ?rst reading, as in 
the example described above; however, this type of 
comparison improperly or falsely rejects correct read 
ings in about 1% of the comparisons. Naturally, when 
thousands of documents are to be sorted, even a small 
false rejection rate of 1%, for example, becomes cum 
bersome to correct manually. Another system for com 
paring entails matching the entire waveform received 
from the ?rst MICR reading at the F PU with the entire 
waveform received from the second MICR reading at 
the SPU. Because the check transport mechanisms in 
the FPU and the SPU move the checks at different 
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2 
actual speeds even though the transports are designed 
to operate at the same speed, the correlation between 
?rst and second readings becomes progressively unsyn 
chronized near the end-of-the-reading scans. 

SUMMARY OF THE INVENTION 

This invention relates to a method of matching ?rst 
and second waveforms, each having identi?able fea 
tures, for identi?cation purposes, comprising the steps 
of: obtaining from said ?rst waveforms signi?cant one 
of said identi?able features having values and locations 
with respect to a starting point of the associated said 
?rst waveform, with said signi?cant identi?able fea 
tures being obtained according to predetermined crite 
ria; utilizing said values and locations of said signi?cant 
identi?able features of a said ?rst waveform to search in 
predetermined locations for anticipated corresponding 
identi?able features in a second waveform; determining 
the values and locations of said identi?able features, if 
any, found in said predetermined locations; and com 
paring the values and locations from said determining 
step with the values and locations of said signi?cant 
identi?able features of a said ?rst waveform according 
to second predetermined criteria to determine whether 
or not the second waveform matches a said ?rst wave 
form. 

This invention also relates to a system for matching 
?rst and second waveforms, each having identi?able 
features, for identi?cation purposes, comprising: means 
for obtaining from said ?rst waveforms signi?cant said 
identi?able features having values and locations with 
respect to a starting point of the associated said ?rst 
waveform, with said signi?cant identi?able features 
being obtained according to predetermined criteria; and 
means for matching said ?rst and second waveforms to 
determine whether or not a second waveform matches 
a ?rst waveform, comprising: means for utilizing said 
values and locations of said signi?cant identi?able fea 
tures of a said ?rst waveform to search in predeter 
mined locations for anticipated corresponding identi?a 
ble features in a second waveform; means for determin 
ing the values and locations of said identi?able features, 
if any, found in said predetermined locations; and means 
for comparing the values and locations from said deter 
mining means with the values and locations of said 
signi?cant identi?able features of a said ?rst waveform 
according to second predetermined criteria to deter 
mine whether or not the second waveform matches a 
said ?rst waveform. 
Some of the advantages of this invention are as fol 

lows: 
(1) It reduces the false rejection rate mentioned for 

prior art systems; 
(2) It is relatively simple and inexpensive to implement; 
and 

(3) It is capable of matching ?rst and second waveforms 
when using, for example, 12 out of a total of 30 char 
acters of MICR data. 
These advantages and others will be more readily 

understood in connection with the following speci?ca 
tion, claims, and drawing. 

DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic diagram, in block form, which 
shows a system or FPU in which a batch of record 
media such as checks is passed through a reader to read 
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the MICR line of'data, and also which shows a host 
system which receives the line of data; 
FIG. 2 is a schematic diagram showing the format of 

data which is received from the FPU and is stored in the 
host system; 
FIG. 3 is a schematic diagram in block form of a 

preferred embodiment of this invention, showing a SPU 
at which the batch of checks is read; a second reading of 
the MICR line for each check is compared with ele 
ments of the ?rst reading in a matching module; 
FIG. 4 is a schematic diagram, in block form, show 

ing more details of the Data Acquisition Module 
(DAM) shown in FIG. 1; 
FIG. 5 is an analog, hypothetical, waveform associ 

ated with a MICR character which was read and which 
is used to portray a variety of situations involved in 
reading characters; 
FIG. 6 is a flow chart associated with the DAM 

shown in FIG. 4; 
FIG. 7 is a block diagram showing additional details 

of the matching module shown in FIG. 3; 
FIG. 8 is an analog hypothetical waveform used to 

portray different situations in a peak matching opera 
tion; and 
FIG. 9 is a block diagram showing a second embodi 

ment of a Data Acquisition Module included in a First 
Pass Unit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows a portion of a general banking system 
I i . 10 in which this invention may be used. The system 10 

includes a First Pass Unit (FPU) 12, shown in dashed 
outline. The FPU 12 includes a MICR reader #1 which 
is designated as 14, a Data Acquisition Module 16, (re 
ferred to hereinafter as DAM 16), and a transport mech 
anism simply referred to as transport 18. The Reader #1 
in the FPU 12 performs the function of reading the 
MICR line of data on each record medium or banking 
check in the embodiment described. The DAM 16 per 
forms the function of acquiring data (as will be de 
scribed hereinafter) from the record media, and the 
transport 18 performs the function of receiving a batch 
of checks like 20 and moving them serially, in reading 
relationship with the reader 14 and thereafter moving 
them out of the FPU 12. 
The MICR line of data which is read by the reader 14 

(FIG. 1) and the data which is acquired by the DAM 16 
for each check of the batch 20 of checks may be for 
warded via a conventional interface 22 to a conven 
tional host system designated generally as 24. The host 
system 24 includes an entry means 26, a display 28 for 
communicating with a user of the system 24, a Read 
Only Memory (ROM) 30 for storing instructions and 
programs, a processor (MP) 32 for performing opera 
tions, a Random Access Memory (RAM) 34, and con 
trol and interface circuitry 36. As each check of the 
batch 20 of checks is read by the reader 14, the associ 
ated MICR line of data and other data is processed by 
the Reader #1 and the DAM 16, and certain data is 
forwarded thereafter to the RAM 34 of the host system 
24 via the interface 22. 
The Data Acquisition Module (DAM 16) is shown in 

more detail in FIG. 4. Basically, the DAM 16 receives 
data from the reader 14 and treats it in a special way (to 
be described hereinafter) and then forwards the derived 
data to the host system 24 via the interface 22. 
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4 
The reader 14 (FIG. 1) provides the DAM 16 with 

data on four different lines as shown. The reader 14 is 
conventional and it includes, for example, logic cir 
cuitry 38 and an analog to digital (A/D) unit 40. The 
logic circuitry 38 also includes conventional circuits to 
interpret the MICR waveforms as the checks 20 are 
moved in reading relationship with the read head 42. In 
the embodiment described, the MICR data is printed in 
a speci?c pattern such as an E13B font so that the 
MICR data or characters generate speci?c waveforms 
when they are read at a subsequent reading operation. 
The speci?c waveforms are digitized and compared 
conventionally with “templates” to produce numerical 
values or what are referred to as “recognition dis 
tances”, which in effect, are used to identify the charac 
ters being read. These recognition distances are routed 
from the logic circuitry 38 of reader 14 to the DAM 16 
over a line 44. Each time a document or check from the 
batch 20 of checks comes into reading relationship with 
the read head 42, the logic circuitry 38 produces a “doc 
ument present” signal on line 46. Similarly, each time a 
new character on a check comes into reading relation 
ship with the read head 42, the logic circuitry 38 pro 
duces a “character start” signal on line 48. The A/D 
unit 40 produces a “digitized image” of each character 
read on the line 50. In the embodiment described, the 
sampling rate of the read head 42 and the velocity with 
which the transport 18 moves each check past the read 
head 42 are such as to produce 128 samples for each 
character on a MICR line on the check. Naturally, the 
number of samples and sampling rate may be modi?ed 
to suit particular applications. In the embodiment de 
scribed, there are up to about 30 characters on a MICR 
line on each check. 

Because the analog waveform of each MICR charac 
ter can have both positive and negative values, as 
shown by the hypothetical waveform of FIG. 5, it is 
necessary that the corresponding digitized output from 
the A/D unit 40 be capable of reflecting both positive 
and negative values. Accordingly, each of the 128 sam 
ples of digitized output from the A/D unit 40 for each 
character is comprised of an eight bit byte, with the ?rst 
bit of the byte denoting a positive or negative value, and 
the remaining seven bits denoting the sampled ampli 
tude. In the embodiment described, a positive value is 
designated by a binary O and a negative value is desig 
nated by a binary l. 
The various outputs from the reader 14 are for 

warded to the DAM 16 over lines 44, 46, 48, and 50 as 
mentioned, with the DAM 16 being shown in more 
detail in FIG. 4. 
The DAM 16 (FIG. 4) includes a conventional 

threshold circuit 52, a peak detector circuit 54, a First 
In, First Out memory unit hereinafter called FIFO 56 
and a Data Acquisition System (DAS) designated gen 
erally as 58. 
The threshold circuit 52 (FIG. 4) includes conven 

tional logic 60, a comparator 62 and an output 64. The 
comparator 62 is designed to produce an output other 
than zero at output 64 only when the amplitude of the 
digitized value in the byte of data coming from the A/ D 
unit 40 is above 4 for positive values of the digitized 
data and is below 3 for negative values of the digitized 
data. Digitized amplitude values of the hypothetical 
waveform result in zero when they are less than the 
positive and negative threshold values mentioned. Nor 
mally, the same threshold values for positive and nega 
tive digitized amplitude values would be used; how 
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ever, the different values used in this embodiment are 
used to overcome certain sensitivity de?ciencies in the 
particular read head 42 used. 

In the embodiment described, 128 digitized samples 
(from sample #0 through sample #127) are outputted 
from the threshold circuit 52 (for each character on the 
MICR line being read by the read head 42) over line 66 
to the peak detector circuit 54. 
The peak detector circuit 54 includes logic circuitry 

68 which receives the output from the threshold circuit 
52 and also includes a ?rst counter 70, a second counter 
72, a subtractor circuit 74, a buffer 76, and an output 78. 
The operation of the peak detector circuit 54 will be 
described hereinafter. 
The DAM 16 also includes the DAS 58 shown in 

FIG. 4. The DAS 58 includes control and interface 
circuitry 80, a ROM 82 for providing control and se 
quencing, a RAM 84 for providing temporary storage 
during processing, and a processor referred to as MP 
86. 
To summarize, the DAM 16 receives a digitized 

waveform from an associated analog waveform (similar 
to hypothetical analog waveform 86 shown in FIG. 5) 
for each of the 30 characters on a MICR line on each of 
the checks in a batch like 20 in the embodiment de 
scribed. The DAM 16 then selects l2 digitized wave 
forms (out of the 30 characters on a check) to be for 
warded to the RAM 34 of the host system 24. The 12 
digitized waveforms selected are those which have the 
greatest “recognition distances”. In essence, a recogni 
tion distance close to zero means that a particular char 
acter read conforms to the matching “template” for that 
character. A large recognition distance means that the 
character read does not conform to one of the character 
templates anticipated on the MICR line. A large recog 
nition distance may be due to a “blemish” in the printing 
of that character, for example; however, this “blemish” 
is unique and can help to identify the particular check at 
a second or subsequent reading of that check. That is 
why those characters with the largest recognition dis 
tances are saved and used to identify the associated 
check in subsequent passes or readings. Each one of the 
checks in a batch 20 of checks has an identi?cation 
number such as a MICR number like 88 (FIG. 2) which 
identi?es the particular check, and it also has the associ 
ated MICR waveform signature 90 forming part of a 
data string 92 which is stored in the RAM 34 of the host 
system 24 for each of the checks in a batch 20. In the 
embodiment described, the waveform signature 90 in 
cludes the 12 digitized waveforms (treated as hereinaf 
ter described) corresponding to the 12 characters out of 
30 which are selected to identify the particular check 
when that check and batch 20 of checks are processed 
later in another terminal or unit such as the Second Pass 
Unit 94 (SPU) shown in FIG. 3, and as described, gen 
erally, earlier herein. 
As an aid in discussing the operation of the DAM 16 

shown in FIGS. 1 and 4, it is bene?cial to consider the 
associated process diagram or ?ow chart 96 shown in 
FIG. 6. The digitized waveform coming from the 
threshold circuit 52 into the logic 68 of the peak detec 
tor 54 is shown as step 98 of the ?ow chart 96. At step 
100, the DAM 16 looks for a document present signal 
as, for example, on line 46 in FIG. 4 to ascertain 
whether or not a document or check is present at the 
reader 14. A document present signal activates the 
DAM 16. Assuming that a document or check is pres 
ent, the DAM 16 then proceeds to step 102 to look for 
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6 
a character start signal (on line 48). If there is no charac 
ter start signal, the DAM 16 returns to step 100 via the 
loop shown, and progresses to step 102 where the DAM 
16 again looks for a character start signal. 
Assuming that a character start signal occurs at step 

102 in FIG. 6, the DAM 16 starts to utilize the output 
from the threshold circuit 52 as shown at step 104. After 
the thresholding step 104, the step 106 “open windows” 
is performed. 
The step 106, “open windows”, refers to the process 

of providing “parameters” or “end points” between 
which a search is made for a peak or peaks which may 
be included therebetween. For example, with regard to 
the hypothetical waveform 86 shown in FIG. 5, a win 
dow #6 starts at sample #72, the point at which the 
amplitude of the digitized waveform 86 rises above the 
positive ?xed threshold level, and ends at sample #86 at 
which the amplitude of the waveform 86 drops below 
the threshold level. Within the window #6, there are 
two peaks marked 6-1 and 6-2; the treatment of these 
peaks will be discussed hereinafter. 

Similarly, windows exist for negative values of the 
waveform #86 (FIG. 5) as shown by the window #2 
which starts at sample #20 and ends at sample #40, 
with a peak 2-1 occurring in window #2. There are 
certain rules which are used to de?ne or modify certain 
windows; these also will be discussed hereinafter. 
As previously stated, there are 128 digitized samples 

(from #0 through #127) taken for each character in the 
embodiment described, and the sampling rate is 128K 
samples per second. The counter 70 in FIG. 4 is used to 
provide a running count of the samples and is reset to 
zero with each new character start signal. The counter 
72 in FIG. 4 is used to count the number of samples 
which occur within a window, and as previously de 
scribed, each digitized sample is recorded as an eight bit 
byte. 
When the start of a window occurs, the subtractor 74 

in the peak detector 54 (FIG. 4) is used to search for a 
peak located therein. This peak search (shown as step 
108 in FIG. 6) is performed by examining sequential 
samples as they are received in a window. For example, 
if the im sample is larger than the previous sample (i— l), 
the slope is considered positive; if the it)‘ sample is 
smaller or less than the previous sample (i— l), the slope 
is considered negative. A slope of zero occurs when 
two consecutive, or sequential samples have the same 
value; this would be represented by a flat horizontal line 
in the waveform 86 shown in FIG. 5. When the sub 
tractor 74 indicates a change in the slope from positive 
or zero to negative, indicating that a peak has occurred, 
a signal is created which causes the peak detector 54 to 
save the peak value and its sample location (from 
counter 70) in the buffer 76. It is possible that two peaks 
may exist within a window as shown by peaks 6-1 and 
6-2 (FIG. 5) which exist in the window bounded by 
samples #72 and #86. Peaks also exist in the negative 
half of the waveform 86. For example, the highest nega 
tive peak in the window #2, which extends from sample 
#20 to sample #40, is peak 2-1. 
There are also certain other situations handled by the 

peak detector 54 (FIG. 4) and represented by peak 
search step 108 in FIG. 6. The hypothetical waveform 
86 shown in FIG. 5 relates to MICR characters as pre 
viously explained; consequently, because a MICR char 
acter always produces initially a positive-going pulse 
when read and ends with a negative-going peak, the 
?rst window always starts at sample #0, and the associ 
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ated waveform has a positive value at that point. An 
other situation is that if the ?rst opening or ?rst window 
is greater or wider than 16 samples, the window is di 
vided in half. The ?rst window ends at sample #18 in 
FIG. 5 in the example portrayed. The ?rst window is 
generally narrower than other windows because the 
character start circuitry (not shown) in the reader 14 
will not indicate a “character start” signal 48 until the 
read head 42 (FIG. 1) is part way through the ?rst peak 
of that waveform being read. In the example described, 
the ?rst window (from sample #0-#18) is divided into 
two windows marked 1A and 1B as shown in FIG. 5, 
with the ?rst window 1A extending from sample #0 to 
sample #9 and the second window 1B extending from 
sample #9 to sample #18. 
Another situation handled by the peak detector 54 

(FIG. 4) is that if a window has fewer than four samples 
included therein, the window is discarded as shown by 
window #3 in FIG. 5. For windows other than the ?rst 
window, a window width larger than 20 samples is 
divided into two windows as shown by the windows 7A 
and 7B in FIG. 5. Prior to dividing, the associated 
larger window extended from sample #88 to sample 
#116. Because there is no slope reversal or peak in 
window 7A, this window data may be discarded; the 
peak 7-1 in window 7B is saved. 
Another situation handled by the peak detector 54 

(FIG. 4) is that of a “?at peak” as shown by window #5 
in FIG. 5. As soon as window #5 is opened, the ampli 
tude values from the reader 14 remain substantially 
constant so as to produce no change in slope for most of 
the width of the window. Finally, the subtractor 74 
ascertains that there is a negative slope at sample #62 as 
the peak amplitude falls below the threshold value to 
close window #5. The logic 68, associated with the 
peak detector 54, will then position the “peak” at the 
center of the window #5 after ascertaining the number 
of samples in the window (from the count in counter 
72). The sample number at the center of window #5 
along with the “peak” value are then stored in the 

» buffer 76. 

Some additional comments with regard to the peak 
search step 108 in FIG. 6 are necessary. In a situation 
like the one portrayed in window 1A in FIG. Sin which 
the waveform 86 is positive, there is no positive peak 
therein; another way of stating it is that the slope of the 
waveform 86 never changes from a positive slope to a 
negative slope in the window 1A, as it starts out at 
sample #0 (the ?rst one) as a negative slope. In this 
situation, the digitized value of the waveform 86 located 
at sample #0 becomes the ?rst “peak” value in the ?rst 
window. This procedure applies only to the ?rst posi 
tive window in the waveforms; all other windows re 
quire a change of slope to locate a peak. It should be 
recalled that the waveform 86 for each MICR character 
always starts in a positive direction and always ends 
with the waveform 86 on the negative side going 
towards the positive side as shown by window 7B. 

After all the peak values for a character have been 
determined, the next step associated with the peak de 
tector 54 (FIG. 4) is to select the peak or peaks to be 
saved for that character as shown by the peak select 
step 110 in FIG. 6. In general, the peak detector 54 
selects a maximum of 3 peaks and a minimum of 1 peak 
in each of the positive and negative halves of the associ 
ated waveform like 86 in FIG. 5. As an aid in reducing 
the number of peaks prior to selecting the peaks to be 
representative of the associated character, the logic 68 
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of the peak detector 54 will examine the sample number 
(i.e. location) of each of the stored peaks and will dis 
card that peak which is within 10 samples of a nearby 
peak and also is the smaller of the two peaks. It should 
be recalled that at this time the digitized value of a peak 
amplitude (consisting of seven bits for its numerical 
value and one bit relating to its being positive or nega 
tive) and the sample number or location of the peak are 
stored in the buffer 76. After a count of 127 (in the 
embodiment described) is obtained on counter 70, indi 
cating the end of a character being read, the logic 68 
withdraws the peaks from the buffer 76 and arranges 
them in descending order of peak amplitude to begin the 
selection of peaks associated with step 110. Thereafter, 
the logic 68 performs certain operations on the ranked 
peaks. If the largest peak (for positive values) has a 
value which is four times greater than the second larg 
est peak, then only the largest peak is saved and the 
remaining peaks are discarded. This is done because due 
to the nature of the MICR waveform, the second and 
smaller peaks are probably only noise peaks in this situa 
tion. If the second peak is larger than one fourth of the 
size of the largest peak, then the second peak is saved. If 
a third peak exists, in order to be saved it must be larger 
than the sum of the ?rst and second largest peaks di 
vided by ?ve, otherwise it is discarded. It should be 
noted that because there are both positive and negative 
halves, there will be a maximum of 6 peaks and a mini 
mum of 2 peaks saved for each character being read in 
the example described. 

After the peaks or peak values are selected as repre 
sented by the peak select step 110 in FIG. 6, they are 
outputted from the output 78 (FIG. 4) and are stored in 
the FIFO 56 as represented by the step 112. The F IFO 
56 is a memory device which is arranged to sequentially 
store the peak values saved along with their sample 
locations for each character being read. From step 112 
in FIG. 6, the routine returns to step 100 to repeat the 
process described for a new or the next character. 
At the time that peak values are being ascertained and 

stored as just described for each character, the recogni 
tion distance for each character scanned at the reader 14 
is calculated therein and forwarded over line 44 to the 
DAS 58 (FIG. 4) where it is stored in the RAM 84 
therein. After all the MICR characters are read on the 
document passing through the reader 14, a point will be 
reached at which the document will no longer be pres 
ent at step 100 in FIG. 6. From step 100, the routine 
proceeds to step 114 at which the 12 “characters” or 
data sets out of 30 characters (in the embodiment de 
scribed) are selected to identify the associated docu 
ment. The 12 characters selected are those which have 
the greatest recognition distances as previously ex 
plained; these are the ones that are most expressive of 
uniqueness of the associated document. A conventional 
software routine stored in the ROM 82 (FIG. 4) may be 
used to select the 12 characters out of 30. After the 12 
characters are selected, the corresponding peak value 
data located in the FIFO 56 is then selected and trans 
ferred (in step 116 in FIG. 6) from the control and 
interface circuitry 80 of the DAS 58 (via the interface 
22) to the host system 24 where the data is stored in the 
RAM 34 therein. When a new document is presented to 
the reader 14, and a new document present signal is 
generated as at step 118 in FIG. 6, the routine shown 
therein returns to step 102 to repeat the process de 
scribed for the ?rst character to be read on the new 
document. It also should be recalled that the data stored 
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in the RAM 34 for each of the l2 characters selected for 
each document includes the peak values and their asso 
ciated sample numbers; this data, referred to as the 
MICR waveform signature 90 (FIG. 2), is included for 
each of the documents in a batch (like 20) of documents 
along with the MICR #88 for that document. The 
MICR #88 is developed conventionally from the rec 
ognition distances. 
When the batch 20 of documents is to be read again, 

it is passed through a reader as was done in FIG. 1. 
Such a reader like 120 in FIG. 3 may be part of the 
second pass unit (SPU) 94 as previously explained. To 
show how the second reading of the batch 20 may be 
utilized, it is customary to print or encode in MICR 
printing the monetary amount of each check on the 
check itself. The monetary amount of the check may be 
entered into the host system 24 conventionally as by 
manual entry. An operation which the SPU 94 performs 
is to encode in MICR printing the associated monetary 
amounts on the checks in a batch 20 as previously 
stated. A conventional encoder and sorter 122 is used to 
encode the amount on a check. It is important that the 
correct monetary amount be encoded on the appropri 
ate check. Each of the checks is moved in reading rela 
tionship with MICR reader 120 by a conventional trans 
port 124 which subsequently also moves each of the 
checks in printing relationship with the encoder and 
sorter 122. Those checks which are properly identi?ed 
are encoded and exited from the SPU 94 via the en 
coder and sorter 122 to form an encoded batch 20-1 of 
checks. Those checks which are not properly identi?ed, 
for example, are exited from the encoder and sorter 122 
to form a reject batch 20-2 of checks. 
The waveform matching at the SPU 94 (FIG. 3) is 

effected in conjunction with a matching module 126. 
Basically, the function of the matching module 126 is to 
receive the ?rst pass data retained in the host system 24 
from the FPU 12 (which data is referred to as reference 
data) and compare the reference data with the second 
pass data developed in the SPU 94 (which data is re 
ferred to as test data). When the test data matches the 
reference data, the matching module 126 indicates a 
“match” to the encoder and sorter 122 to enable the 
encoder to print data on the particular check just read at 
the reader 120 in the embodiment described. If no 
match between reference and test data occurs, the par 
ticular check just read is rejected by the encoder and 
sorter 122 to batch 20-2 as previously described. 
The SPU 94 (FIG. 3) is coupled to the host system 24 

via a conventional interface 128, and the SPU 94 also 
includes a conventional SPU processing system 130, 
which includes control and interface circuitry 132, a 
ROM 134 for storing the associated programs, a RAM 
136, and a processor (MP) 138. Suitable lines (not 
shown) extend from the control and interface circuitry 
132 to the MICR reader 120, transport 124, and encoder 
and sorter 122 to provide conventional control where 
necessary or desirable. 
The matching module 126 (FIG. 3) is shown in more 

detail in FIG. 7, and it includes a peak detector 140 
which is identical to the peak detector 54 (FIG. 4) al 
ready described. The peak detector 140 includes logic 
142, counters 144 and 146, a subtractor 148, a buffer 150 
and an output 152 which all function in the same man 
ner as do the corresponding elements already described 
with regard to peak detector 54. 
The matching module 126 (FIG. 7) also includes a 

module control designated generally as 154 and which 
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10 
includes a RAM 156, a ROM 158 (for storing instruc 
tions), a MP 160, and control and interface circuitry 
162. 
When the batch 20 of checks is to be passed through 

the SPU 94, some conventional preliminary work is 
done ?rst. For example, a header card (not shown) but 
associated with the batch 20 of checks may be used to 
access the appropriate data strings 92 (FIG. 2) from the 
host system 24. When the batch 20 of checks is to be 
passed through the reader 120 in the SPU 94, the SPU 
system 130 (FIG. 7) downloads the data strings 92 to 
the module control 154 where they are momentarily 
stored in the RAM 156; this is the reference data as 
previously described, and it is transferred just prior to 
what is expected to be data from the same document 
derived from the read head 162 of the reader 120. The 
logic circuitry 164 of the reader 120 produces a docu 
ment present signal on line 166, and also may produce 
the associated recognition distance on line 168, which 
lines 166 and 168 are coupled to the module control 154 
for use thereby. A character start signal developed by 
the logic circuitry 164 is utilized by the peak detector 
140 as previously explained with regard to peak detec 
tor 54. An A/D converter 170 converts the analog 
waveform read from the MICR line at the read head 
162 to a digitized output which is forwarded to the logic 
142 of the peak detector 140. The output of the A/D 
170 is not thresholded prior to entering the associated 
peak detector 140 as was done in the FPU 12. The peak 
detector 140 produces peaks or the “test data” for each 
character on the associated MICR line of data on a 
check being read in the same manner with regard to 
peak determination as was done with the peak detector 
54in the FPU 16. The test data or peaks for each of the 
characters are forwarded from the peak detector 140 to 
the FIFO memory 172. This test data or peak data in 
cludes its discrete value as previously described and its 
associated sample number which is intrinsically located 
or positioned in the FIFO memory 172 whose output is 
fed into the module control 154. 

It should be recalled that the peaks associated with 
only 12 characters out of a total of 30 characters for a 
check are used as reference data (in the example de 
scribed) to identify the check in the waveform matching 
technique disclosed herein. If, for example, the ?rst 
character selected as reference data were the 4th out of 
30 characters, the associated reference data would be ' 
located in the RAM 156 of the module control 154 
(FIG. 7). The test data or peaks coming from the FIFO 
memory 172 for the ?rst three characters are disre 
garded by the module control 154, and the direct wave, 
form matching begins when the test data for the fourth 
character arrives at the module control 154. 

Continuing with the example just given, the reference 
data or peaks for the 4th character are used to open up 
search windows with regard to the incoming test data 
or peaks from the FIFO memory 172 (FIG. 7). In other 
words if a reference peak occurs at sample #14 (out of 
128 samples), one would expect a similar peak to be 
found at sample #14 in the test data. Because there may 
be some variation in the sensitivities of the readers in the 
associated FPU 12 and the SPU 94 and the speeds of 
their associated transports l8 and 124, for example, it is 
necessary to provide some adjustment or enlargement 
in the size of the search windows when searching for 
the test peaks. The window boundary locations are 
given by the following equation: 
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WB=X,,-—_l'([6]+[2]% of X”), Eq. #1 

wherein 
WB=window boundary, and 
,,= the im reference peak. 

The brackets within the parenthesis of Eq. 1 indicate 
that the values within the brackets may be changed as a 
result of experimentation or for different applications. 
As an illustration of Eq. 1, the window boundaries for 
sample #40 are given by: 

Notice that with Eq. 1, the window size increases as the 
reference peak location increases. In other words, refer-' 
ence sample #120, for example, has a wider window 
than reference sample #20. By allowing the window 
size to increase as the reference peak location increases, 
variations in the speeds of the transports l8 and 124 will 
have a lesser effect on the ability of the matching mod 
ule 126 to ?nd the test peaks. 
There are some other factors which affect the deter 

mination of the search window boundaries; they are: 
(1) The leading boundary of a search window may 

not precede the start of a character, and the trailing 
boundary of a search window may not exceed 127 sam 
ples from the start of a character in the embodiment 
described; 

(2) The leading boundary of a search window may 
not precede a previously detected peak, so that when 
two reference peaks are located close to each other, the 
same test peak will not be selected twice; and 

(3) When the MICR line of data on the checks is 
printed with a low-intensity ink, it is necessary to ex 
pand the window size because the peaks produced by 
the low-intensity ink are generally low and poorly de 
?ned. Accordingly, if a reference peak for a particular 
sample # has a value of a predetermined amount, as for 
example when the reference peak value is less than or 
equal to 7 in the embodiment described, the window 
boundary limits are given by the following equation: 

WB=X,,~:[10]; (y,,-§7) Eq. 2 

wherein: yn-indicates the value of the i''' reference peak. 
Note that with Eq. 2, the window boundaries are inde 
pendent of X,,-. Factors (1) and (2) above apply to the 
situation associated with factor (3) just described. 
To review, the window boundaries have been deter 

mined from the reference data in order to search for the 
test data or peaks. The peak detector 140 (FIG. 7) cal 
culates or determines the peaks in the same general 
manner as does peak detector 54 (FIG. 4) already de 
scribed. Assuming that the checks in a batch of checks 
are in the proper order, the test peaks obtained from the 
SPU 94 should match the reference peaks obtained from 
the FPU 12. 
While a test peak may be found in a window bound 

ary derived from the reference data or peaks, the wave 
form matching of this invention also includes some 
additional steps or operations which evaluate the 
amount by which a test peak varies from its reference 
location and value. The steps may be generally de 
scribed as follows: 

(I) The amount by which a test peak varies from its 
reference location and value, respectively, are referred 
to generally as the “x” or position difference (distance) 
and the “y” or amplitude difference (distance). 
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(2) The x and y distances are developed for each 

character, and then, an “overall distance” is calculated 
(by certain steps to be hereinafter described) for each 
character. 

(3) The “overall distance” for each character along 
with certain other criteria are used in developing “ac 
ceptance” or “rejection” criteria in deciding whether or 
not a match exists, i.e., Is the check in the SPU 94 the 
check corresponding to that one which produced the 
reference data from the FPU 12? 
The development of the x position distances and the 

y amplitude distances can be more readily understood in 
connection with FIG. 8. First, a tolerance box is con 
structed around each of the reference peak points and 
the test peak points according to the following formu 
lae: 

xlim=xilll Eq. 4; 

wherein: 
y is equal to the peak value, and 
x is equal to the peak position (sample number). 
FIG. 8 shows tolerance boxes which are constructed 

around reference data peaks and test data peaks associ 
ated with an illustrative waveform 174. A box desig 
nated as R-l is associated with a reference data peak and 
the box designated T-l is associated with a test data 
peak, and similarly, the box designated R-2 is associated 
with a reference data peak and the box designated T-2 is 
associated with a test data peak. Note from Eq. 4 that I 
the x limits of the tolerance boxes are ?xed; however, 
these values can be changed readily if ?eld trials indi 
cate the need to do so. Note, also, that a reference data 
peak is marked with an “x” in FIG. 8, and a test data 
peak is marked with a plus (+) sign. 

After the tolerance boxes have been constructed for 
the reference data peaks and the test data peaks for the 
x and y directions, the distances between these toler 
ance boxes are calculated separately. The general rule is 
that the distance between the reference and test data 
peaks is calculated by subtracting the test data peak ' 
from the reference data peak. The result may be either 
positive or negative depending upon which data peak is 
the larger of the two. If the tolerance boxes of the refer 
ence and test peak data values overlap or touch in one 
direction, the distance in that direction is zero. With 
regard to waveform 174 in FIG. 8, because the refer 
ence data peak R-1 and the test data peak T-l overlap in 
the x direction, for example, the distance in the x direc 
tion or Ax is equal to zero. An example of a Ay distance 

‘ is shown with reference numeral 176 in FIG. 8. An 

65 

example of a Ax distance is shown with reference nu 
meral 177 which shows the distance between reference 
data peak R-2 and test data peak T-2. 
When all the peaks have been found in the test data, 

and the x and y distances therefor have been calculated 
as just explained, an overall distance for each character 
is generated by the following formulae: 

Eq. 5 
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D =—‘— 5 AyF- 1- 3'“- Ayr: 
y n i=1 " [=1 

and 

DTaml=Dx+Dyl Eq. 7 

wherein, 
n=the total number of peaks in the character, positive 
and negative combined; 

Ax,~ =the positional distance calculated as just described 
for the i''' peak; and 

Ayi =the amplitude distance calculated as just de 
scribed for the ith peak. 

The term within the brackets in Eq. 5 serves to subtract 
out or to reduce constant positional shifts caused by 
“character start” variations associated with the readers 
(like 14) involved. Similarly, the term within the brack 
ets in Eq. 6 serves to subtract out or to reduce constant 
amplitude shift caused by a DC offset in the associated 
readers. Eq. 7 is simply a total of D, and Dy. 
Some additional comments seem appropriate with 

regard to the various equations just reviewed. In the 
event that no test peak is discovered within a window as 
previously described, no distance is accumulated. In 
this situation, a separate counter (not shown) but associ 
ated with the module control 154 is incremented, and 
the count itself is used as one of the overall acceptan 
ce/rejection criteria to be later described herein. 
The entire process of test peak searching and distance 

calculation associated with Equations 1-7 already de 
scribed is repeated for each of the 12 characters (out of 
30) selected to identify a particular check in the SPU 94. 
After the distances for each character are obtained, the 
following quantities are calculated: 
(1) The average distance for each character; 
(2) The average distance in the y direction for only that 

character which has the largest total distance; and 
(3) The standard deviation of the distance in the y direc 

tion namely Ayi for that character de?ned in (2) 
above. 
After the above quantities are calculated, a ?nal step 

in the waveform matching of this invention is begun. 
The ?nal step is to apply a set of tests which will allow 
a pass/fail decision to be made by the matching module 
126. The pass/fail decision is made by the matching 
module 126 with regard to a check which is located at 
the encoder and sorter 122 (FIG. 3). In the embodiment 
described, the particular check is encoded with the 
associated monetary amount if a pass decision is made. 
If a fail decision is made, the check is rejected into batch 
20-2. 
The tests for the pass/fail decision are handled by 

module control 154 (FIG. 7) in the following order: 
1. Reject the check if the total number of unmatcha 

ble peaks over all the 12 characters is greater than [0 ]. 
2. Accept or pass the check if the average distance 

per character is §[2.0 ]. 
3. Reject the check if the average distance per char 

acter is > [20.0 ]. _ 
4. Perform the following tests on the character hav 

ing the largest distance: 
(a) Pass the check if the Droml distance is _5_[25 ]. 
(b) Pass the check if the average distance for the fea 

tures (Ay,-) of this character in the y direction only is 
§3.0. 
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(0) Pass the check if the ratio of the standard deviation 
(previously calculated) to the average distance for 
the y direction features (from (b) above) is E 1.5; 
otherwise, reject the check. 
In the embodiment described, when a check is identi 

?ed by the matching module 126 (FIG. 3) as being the 
expected one, the monetary amount for that check is 
transferred to the encoder and sorter 122 via line 178 
(FIG. 3) from the SPU system 130 (FIG. 3) while the 
processor 160 (FIG. 7) associated with the matching 
module 126 will indicate that a match is had via line 180. 
FIG. 9 shows a second embodiment of a Data Acqui 

sition Module (DAM) designated generally as 182 
which may be included in a First Pass Unit (FPU) such 
as 12 shown in FIG. 1. The DAM 182 receives the 
output from the A/D unit 40 of the reader 14 (FIG. 1) 
and accepts it in a threshold circuit 52-1 which is identi 
cal to 52 shown in FIG. 4. The output from the thresh 
old circuit 52-1 is fed into a standard DEMUX circuit 
184 which separates the values of waveform 86 into 
positive values which are stored in a FIFO 186 by sam 
ple number and routes the negative values of waveform 
86 to the recti?er 188. The recti?er 188 converts the 
negative values of the waveform 86 into positive values 
which are stored in FIFO 190 by sample number. The 
output of the FIFO 186 is fed into the DAS 58-1 which 
is similar to DAS 58 (FIG. 4). Similarly, the output of 
FIFO 190 is fed into the DAS 58-2 which is also similar 
to DAS 58. The DAS 58-1 and the DAS 58-2 then 
perform (via software) the various functions already 
explained with regard to the peak detector 54 (FIG. 4). 
The data for the 12 characters selected (out of 30) to 
identify a particular check or document is then for 
warded to the interface 22 which forwards the data to 
the host system 24 as previously described. The various 
equations mentioned earlier herein may be implemented 
by software associated with the DAS 58-1 and 58-2. 
One of the two DASs like 58-2 may be used for obtain 
ing the recognition distances and a document present 
signal as previously explained. 
We claim: 
1. A method of matching ?rst magnetic waveforms 

and second magnetic waveforms, each having identi?a 
ble features used for identi?cation purposes, comprising 
the steps of: 

(a) obtaining from ,each said ?rst magnetic waveform 
those of said identi?able features which are signi? 
cant, with signi?cant meaning those identi?able 
features providing the largest recognition distances 
as used in “matching template” character recogni 
tion; said signi?cant identi?able features having 
values and locations with respect to a starting point 
of the associated said ?rst waveform, with said 
signi?cant identi?able features being obtained ac 
cording to predetermined criteria; 

(b) utilizing said values and locations of said signi? 
cant identi?able features of said ?rst waveform to 
search in anticipated locations for anticipated cor 
responding identi?able features in a second mag 
netic waveform; 

(c) determining the values and locations of said iden 
ti?able features of said second magnetic waveform, 
if any, found in said anticipated locations; and 

(d) comparing via comparing circuitry the values and 
locations from said determining step with the val 
ues and locations of said signi?cant identi?able 
features of a said ?rst magnetic waveform accord 
ing to second predetermined criteria to determine 
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whether or not the second magnetic waveform 
matches a said ?rst magnetic waveform. 

2. The method as claimed in claim 1 in which said 
step (a) includes the step of: 

(a-l) thresholding said ?rst magnetic waveforms to 
de?ne windows, with each said window being 
associated with a portion of an associated said ?rst 
magnetic waveform and with each said window 
having a starting location and an ending location 
with reference to a starting point in the associated 
said ?rst magnetic waveform, each said signi?cant 
identi?able feature being located in one of said 
windows. 

3. The method as claimed in claim 2 in which said 
step (a) also includes the step of: 

(a-2) selecting less than all said identi?able features in 
a said ?rst magnetic waveform according to said prede 
termined criteria to obtain said signi?cant identi?able 
features. 

4. The method as claimed in claim 1 in which said 
anticipated locations represent windows, with each said 
window including a portion of the associated second 
magnetic waveform, and with each said window having 
a starting location and an ending location with refer 
ence to a starting point of the associated second mag 
netic waveform, and in which said step (b) includes the 
step of: 

(b-l) adjusting the widths of said windows as the 
locations of the windows become more distant 
from the associated said starting point for the asso 
ciated said second magnetic waveform. 

5. The method as claimed in claim 4 in which said 
?rst magnetic waveforms and said second magnetic 
waveforms are of a type which is printed in magnetic 
ink and associated with MICR data, and with said iden 
ti?able features being peaks in said ?rst and second 
magnetic waveforms, and in which said step (b) also 
includes the step of: 

(b-2) adjusting the height of said windows when the 
intensity of the magnetic ink associated with a said 
?rst magnetic waveform is below a predetermined 
level. 

6. The method as claimed in claim 5 in which said 
step (b) includes the steps of: 

(d-l) calculating a difference amount, hereinafter 
referred to as a “y” distance, by which an antici 
pated said value associated with a said second mag 
netic waveform from step (c) differs from the cor 
responding said value associated with said ?rst 
magnetic waveform from step (b); 

(d-2) calculating a difference amount, hereinafter 
referred to as an “x” distance by which an antici 
pated said location of an identi?able feature associ 
ated with a said second magnetic waveform from 
step (c) differs from the corresponding said loca 
tion associated with said ?rst magnetic waveform 
from step (b); and 

' ' (ti-3) using said y and x distances to provide an aver 
age distance for each said second magnetic wave 
form, which said average distance is used as a fac 
tor in said second predetermined criteria in deter 
mining whether or not the second magnetic wave 
form matches a said ?rst magnetic waveform. 

7. The method as claimed in claim 6 in which said 
7 step (a) includes the step of: 

(a-l) sensing a MICR line on a document to obtain 
said ?rst magnetic waveforms; and said step (b) 
also includes the step of: 
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(b-3) sensing a MICR line on a document in a sensing 

operation subsequent in time to said step (a) to 
obtain said second magnetic waveforms. 

8. A method of matching ?rst magnetic waveforms 
and second magnetic waveforms for identi?cation pur 
poses, comprising the steps of: 

- (a) obtaining from a said ?rst waveform at least ?rst 
and second identi?able features whose locations 
therein can be referenced with respect to a starting 
point in the associated said ?rst magnetic wave 
form; 

(b) utilizing said ?rst identi?able features to de?ne 
windows, with each said window being associated 
with a‘ portion of the associated said ?rst magnetic 
waveform, and with each said window having a 
starting location and an ending location with refer 
ence to the associated said starting point; 

(0) determining said second identi?able features 
within an associated window according to prede 
termined criteria and also determining their loca 
tions with reference to said starting point; 

(d) storing values representing the most signi?cant 
ones, as determined by second predetermined crite 
ria, of said second identi?able features and their 
locations with reference to said starting point for 
said windows for each said ?rst magnetic wave 
form, said second magnetic waveforms also having 
said second identi?able features said second identi 
?able features meaning those which provide the 
largest recognition distances as used in “matching 
template” character recognition; 

(e) using said values and their locations from step (d) 
of a said ?rst magnetic waveform to search in antic 
ipated locations for anticipated corresponding said 
second identi?able features in an anticipated corre 
sponding second magnetic waveform; 

(f) determining the values and locations of said sec 
ond identi?able features, if any, found in said antici 
pated locations; and 

(g) comparing via comparing circuitry the values and 
locations of said second identi?able features of a 
said second magnetic waveform obtained from step 
(f) with the values and locations of said second 
identi?able features of a said ?rst magnetic wave 
form according to a third predetermined criteria to 
determine whether or not a said second magnetic 
waveform matches a said ?rst magnetic waveform. 

9. The method as claimed in claim 8 in which said 
step (a) includes the step of: 

(a-l) thresholding said ?rst magnetic waveforms to 
obtain said ?rst identi?able features. 

10. The method as claimed in claim 9 in which said 
step (d) includes the step of: 

(d-l) selecting less than all said second identi?able 
features in a said ?rst magnetic waveform accord 
ing to said second predetermined criteria to obtain 
said signi?cant ones of said second identi?able 
features of said ?rst magnetic waveform. 

11. The method as claimed in claim 10 in which said 
predetermined locations represent windows, with each 
said window including a portion of the associated sec 
ond magnetic waveform, and with each said window 
having a starting location and an ending location with 
reference to the starting point of the associated second 
magnetic waveform, and in which said step (e) includes 
the step of: 

(e-l) adjusting the width of said windows as the loca 
tions of the windows become more distant from the 
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associated said starting point for the associated said 
second magnetic waveform. 

12. The method as claimed in claim 11 in which said 
?rst and second magnetic waveforms are of a type 
which is printed in magnetic ink and associated with 
MICR data, and with said second identi?able features 
being peaks in said ?rst and second magnetic wave 
forms, and in which said step (e) also includes the step 
of: 

(e-2) adjusting the height of said windows when the 
intensity of the magnetic ink associated with a said 
?rst magnetic waveform is below a predetermined 
level. 

13. The method as claimed in claim 12 in which said 
step (g) includes the steps of: 

(g-l) calculating a difference amount, hereinafter 
referred to as a “y” distance, by which an antici 
pated said value associated with a said second mag 
netic waveform from step (t) differs from the corre 
sponding said value associated with said ?rst mag 
netic waveform from step (e); 

(g-2) calculating a difference amount, hereinafter 
referred to as an “x” distance by which an antici 
pated said location of an identi?able feature associ 
ated with a said second magnetic waveform from 
step (f) differs from the corresponding said location 
associated with said ?rst magnetic waveform from 
step (e); and 

(g-3) using said y and x distances to provide an aver 
age distance for each said second magnetic wave 
form, which said average distance is used as a fac 
tor in said third predetermined criteria in determin 
ing whether or not the second magnetic waveform 
matches a said ?rst magnetic waveform. 

14. The method as claimed in claim 8 in which said 
step (a) includes the step of: 

(a-l) sensing a MICR line on a document to obtain 
said ?rst magnetic waveforms; and in which said 
step (e) also includes the step of: 

(e-l) sensing a MICR line on a document in a sensing 
operation subsequent in time to said step (a-l) to 
obtain said second magnetic waveforms; and in 
which said step (a) includes the step of: 

(a-2) selecting fewer than all the said ?rst magnetic 
waveforms associated with a said document ac 
cording to said predetermined criteria. 

15. A system for matching ?rst magnetic waveforms 
and second magnetic waveforms, each having identi?a 
ble features used for identi?cation purposes, compris 
mg: 
means for obtaining from said ?rst magnetic wave 
forms those of said identi?able vfeatures which are 
signi?cant, with signi?cant meaning those identi? 
able features providing the largest recognition dis 
tances as used in “matching template” character 
recognition; said signi?cant identifiable features 
having values and locations with respect to a start 
ing point of the associated said ?rst magnetic wave 
form,“ with said signi?cant identi?able features 
being obtained according to predetermined crite 
ria; and 

means for matching said ?rst and second magnetic 
waveforms to determined whether or not a said 
second magnetic waveform matches a said ?rst 
magnetic waveform, comprising: 

means for utilitizing said values and locations of said 
signi?cant identi?able features of a said ?rst wave 
form to search in anticipated locations for antici 
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18 
pated corresponding said signi?cant identi?able 
features in a second magnetic waveform; 

means for determining the values and locations of I 
said signi?cant identi?able features of said second 
magnetic waveform, if any, found in said antici 
pated locations; and 

means for comparing the values and locations from 
said determining means with the values and loca 
tions of said signi?cant identi?able features of a 
said ?rst magnetic waveform according to second 
predetermined criteria to determine whether or not 
the second magnetic waveform matches a said ?rst 
magnetic waveform. 

16. The system as claimed in claim 15 in which said 
obtaining means includes: 
means for thresholding said ?rst magnetic waveforms 

to de?ne windows, with each said window being 
associated with a portion of the associated said ?rst 
magnetic waveform and with each said window 
having a starting location and an ending location 
with reference to a starting point in the associated 
said ?rst magnetic waveform, and with each said 
signi?cant identi?able feature being located in one 
of said windows. 

17. The system as claimed in claim 15 in which said 
anticipated locations represent windows, with each said 
window including a portion of the associated second 
magnetic waveform, and with each said window having 
a starting location and an ending location with refer 
ence to a starting point of the associated second mag 
netic waveform, and in which said utilizing means fur 
ther comprises: 
means for adjusting the width of said windows as the 

locations of the windows become more distant 
from the associated said starting point for the asso 
ciated said second magnetic waveform. 

18. The system as claimed in claim 17 in which said 
?rst and second magnetic waveforms are of a type 
which is printed in magnetic ink and associated with 
MICR data, and in which said signi?cant identi?able 
features are peaks in said ?rst and second magnetic 
waveforms, and in which said utilizing means further 
comprises: 
means for adjusting the height of said windows when 

the intensity of the magnetic ink associated‘ with a 
said ?rst magnetic waveform is below a predeter 
mined level. 

19. The system as claimed in claim 18 in which said 
comparing means includes: 
means for calculating a difference amount, hereinaf 

ter referred to as a “y” distance, by which an antici 
pated said value associated with a said second mag 
netic waveform differs from the corresponding said 
value associated with said ?rst magnetic wave 
form; 

means for calculating a second difference amount, 
hereinafter referred to as an “x” distance by which 
an anticipated said location of a said signi?cant 
identi?able feature associated with a said second 
magnetic waveform differs from the corresponding 
said location associated with said ?rst magnetic 
waveform; and 

means for using said yand x distances to provide an 
average distance for each said second magnetic 
waveform, which said average distance is used as a 
factor in said second predetermined criteria in de 
termining whether or not the second magnetic 
waveform matches a said ?rst magnetic waveform. 

0 
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20. The system as claimed in claim 19 in which said 
obtaining means further comprises: 
means for sensing a MICR line on a document to 

obtain said ?rst magnetic waveforms; and in which 
said utilizing means further comprises: 

second means for sensing a MICR line on a document 
in a sensing operation subsequent in time to that 
performed by said ?rst named sensing means to 
obtain said second magnetic waveforms. 

21. A system for matching ?rst magnetic waveforms 
and second magnetic waveforms for identi?cation pur 
poses, comprising: 
means for obtaining from said ?rst magnetic wave 

forms at least ?rst and second identi?able features 
whose locations therein can be referenced with 
respect to a starting point in the associated ?rst said 
magnetic waveform said second indenti?able fea 
tures meaning those which provide the largest 
‘recognition distances as used in “matching tem 
plate” character recognition; 

means for utilizing said ?rst identi?able features to 
de?ne windows, with each said window being 
associated with a portion of the associated said ?rst 
magnetic waveform, and with each said window 
having a starting location and an ending location 
with reference to the associated said starting point; 

means for determining said second identi?able fea 
tures within an associated window according to 
predetermined criteria and also for determining 
their locations with reference to said starting point; 

means for selecting and storing values representing 
the most signi?cant ones, as determined by second 
predetermined criteria, of said second identi?able 
features and their locations with reference to said 
starting point for said windows for each said ?rst 
waveform, said second magnetic waveforms also 
having said second identi?able features; 

means for using said values and their locations from 
said selecting and sorting means of a said ?rst mag 
netic waveform to search in anticipated locations 
for anticipated corresponding said second identi?a 
ble features in an anticipated corresponding second 
magnetic waveform; 

means for determining the values and locations of 
said second identi?able features, if any, found in 
said anticipated locations; and 

means for comparing the values and locations of said 
second identi?able features of a said second mag 
netic waveform obtained from said determining 
means with the values and locations of said second 
identi?able features of a said ?rst magnetic wave 
form according to third predetermined criteria to 
determine whether or not a said second magnetic 
waveform matches a said ?rst magnetic waveform. 

22. A system for matching digitized ?rst magnetic 
waveforms and digitized second magnetic waveforms, 
each having identi?able features used for identi?cation 
purposes, comprising: 

a ?rst reader for reading a batch of documents having 
MICR data in magnetic ink thereon and also for 
producing said digitized ?rst magnetic waveforms 
having said identi?able features; 

a data acquisition module for obtaining from said ?rst 
magnetic waveforms those of said identi?able fea 
tures which are signi?cant, with signi?cant mean 
ing those identi?able features providing the largest 
recognition distances as used in “matching tem 
plate” character recognition; said signi?cant identi 
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20 
?able features having values and locations with 
respect to a starting point of the associated said ?rst 
magnetic waveform, with said signi?cant identi?a 
ble features being obtained according to predeter 
mined criteria; 

a host system for receiving and storing said values 
and locations for said ?rst magnetic waveforms; 

a second reader for reading said batch of documents 
as a time subsequent to the reading at said ?rst 
reader for producing said digitized second mag 
netic waveforms having said identi?able features; 

a matching module for utilizing said values and loca 
tions of said ?rst magnetic waveforms received 
from said host system to search in anticipated loca 
tions for anticipated corresponding said signi?cant 
identi?able features of a said second magnetic 
waveform obtained from said second reader, and 
also for comparing said values and locations ob 
tained from a search of said anticipated locations 
with said signi?cant identi?able features of a ?rst 
magnetic waveform according to a second prede 
termined criteria to determine whether or not the 
second magnetic waveform matches a said ?rst 
magnetic waveform, and also for producing an 
output signal in accordance therewith. 

23. The system as claimed in claim 22 in which said 
data acquisition module further comprises: 
means for thresholding said ?rst magnetic waveforms 

to de?ne windows, with each said window being 
associated with a portion of the associated said ?rst 
magnetic waveform and with each said window 
having a starting location and an ending location 
with reference to a starting point in the associated 
said ?rst magnetic waveform, and with each said 
signi?cant identi?able feature being located in one 
of said windows. 

24. The system as claimed in claim 22 in which said 
anticipated locations represent windows, with each said 
window including a portion of the associated second 
magnetic waveform, and with each said window having 
a starting location and an ending location with refer 
ence to a starting point of the associated second mag 
netic waveform, 
means for adjusting the width of said windows as the 

locations of the windows become more distant 
from the associated said starting point for the asso 
ciated said second magnetic waveform. 

25. The system as claimed in claim 24 in which said 
signi?cant identi?able features are peaks in said ?rst and 
second magnetic waveforms, and in which said match 
ing module further comprises: 
means for adjusting the height of said windows when 

the intensity of the magnetic ink associated with a 
said ?rst magnetic waveform is below a predeter 
mined level. 

26. The system as claimed in claim 24 in which said 
matching module also includes: 
means for calculating a difference amount hereinafter 

referred to as a “y” distance, by which an antici 
pated said value associated with a said second mag 
netic waveform differs from the corresponding said 
value associated with said ?rst magnetic wave 
form; 

means for calculating a second difference amount, 
hereinafter referred to as an “x” distance by which 
an anticipated said location of an identi?able fea 
ture associated with a said second magnetic wave 
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form differs from the corresponding said location 
associated with said ?rst magnetic waveform; and 

means for using said y and x distances to provide an 
average distance for each said second magnetic 
waveform, which said average distance is used as a 
factor in said second predetermined criteria in de 
termining whether or not a said second magnetic 
waveform matches a said ?rst magnetic waveform. 

27. The system as claimed in claim 22 further com 
prising an encoder which encodes predetermined data 
on a document of said batch of documents when said 
output signal indicates that an associated group of said 
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22 
second magnetic waveforms match a corresponding 
associated group of said ?rst magnetic waveforms. 

28. The system as claimed in claim 22 in which said 
?rst reader produces both positive and negative por 
tions of said ?rst magnetic waveforms and said data 
acquisition module includes means for detecting peaks 
in said ?rst magnetic waveforms and for obtaining said 
signi?cant identi?able features in both the positive and 
negative portions of said ?rst magnetic waveforms. 

29. The system as claimed in claim 22 in which said 
data acquisition module includes a demultiplexer for 
handling said positive and negative portions. 
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